Abstract: Recent studies showed that inflammation is a critical cause for initiation and/or development of many cancers. In prostate cancer (PC), the inflammatory cells usually populate an immune-competent organ. This inflammatory organ can be involved in the initiation and progression of PC. Here, we mainly focus on the role of inflammation in the PC and progression of castration-resistant PC (CRPC). Moreover, we summarize the roles of inflammation factors (such as chemokines and cytokines) in PC and CRPC. Taken together, this review gives an insight into therapy for PC and CRPC through anti-inflammation.
Introduction
The hypothesis that inflammation causes cancer cell proliferation emerged about 150 years ago [1] . The logical relationship between cancer and inflammation is not novel today. However, recent studies have expanded the concept that inflammation is involved in cancer progression {Karan, 2016 #1364}. It has been made clear that the cancer microenvironment, which is mainly populated by inflammatory cells, is an indispensable participant in the neoplastic process, metastasis, fostering of proliferation, and survival [2, 3] . Additionally, cancer cells have signaling molecules similar to those of the innate immune system, such as chemokines and cytokines.
It has been accepted that inflammation cells have strong effects on cancer development [2, 4, 5] . The inflammatory cells, and the chemokines and cytokines that they produce, influence the whole tumor organ, regulating the growth, differentiation, and migration of all cells in the cancer microenvironment, including neoplastic cells, endothelial cells, and fibroblasts [6, 7] . In the tumorigenic process, neoplastic cells also divert inflammatory mechanisms to support neoplastic metastasis [2, 8, 9] . This may be part of an attempt by the tumor to subvert the functions of immune cells and to support cancer progression.
The prostate is an immune-competent organ. The tissue is usually composed of a small number of inflammatory cells [10] [11] [12] [13] . In the prostate, the T-cells are located in the fibromuscular stroma and the periglandular area [14] . There are multifactorial causes to the origin of prostatic inflammation, such as viruses, bacterial infections, hormones, dietary factors, autoimmune responses, and urine reflux [5, 10, 15] .
The persistence of these factors is able to contribute to chronic prostatic inflammation. Prostate cancer (PC) is the second common cancer among American men. The role of inflammation or infection remains unclear in different cancer sites and the prostate. Recent studies in different areas, such as epidemiology, histopathology, and molecular pathology, give emerging evidence of the possible role of prostatic inflammation as an important factor involved in PC initiation and progression [16] [17] [18] . Inflammation is involved in PC progression through several mechanisms, such as inducing cellular and genomic damage, activating cellular turnover, and creating a tissue microenvironment that induces cell replication, angiogenesis, and tissue repair [16, 19] .
The common phenomenon of chronic inflammation in pathology samples of the prostate tissues from surgery or biopsy has provided a possible correlation between chronic inflammation and PC [20] [21] [22] . Inflammation-related inflammatory cytokines, inflammatory mediators, and growth factors were found to be able to determine an uncontrolled proliferative response in rapidly dividing cells, which were more likely to undergo mutation in PC [19, 23] . Several inflammation-related genes, such as RNASEL, MSR1, and MIC1, are involved in PC. These gene-coding proteins have several functions in response to inflammation, infection, and oxidative stress. Some reports showed that their mutation may reduce the possibility of preventing carcinogenesis through these pathways [16, 24] . Moreover, other studies showed that chronic inflammation can induce survival and proliferative events and posttranslational DNA modifications in the prostate tissue [20, 25] . Repeated tissue damage and oxidative stress related to this event may produce compensatory cellular disorder of proliferation, with the risk of hyperplastic cancer cell growth or neoplastic transformation [26] . It has been reported that prostatic inflammation can generate free radicals, such as nitric oxide, which can be converted by cyclooxygenase enzymes to different eicosanoids and prostaglandins. These features have been demonstrated as regulators of PC cell proliferation [27] . Usually, glutathione transferase activity defends prostate cells against the genomic damage initiated by oxidants located at sites of inflammation [20] . Methylation of chromatin DNA produces loss of this protective activity and can be involved in the transformation from inflammation to preneoplastic lesions, e.g., high-grade prostatic intraepithelial neoplasia, and then to PC [27] .
Recent clinical studies using 5-year prostate biopsies demonstrated that chronic inflammation accounts for nearly 20% PC development [28, 29] . In addition, inflammatory atrophy was found in about 40% of PC cores in the same studies. These findings supported the hypothesis that inflammation plays an important role in prostate carcinogenesis and progression [28, 29] .
Inflammatory factors are produced in the process of inflammation, which also play an important role in the molecular signaling pathway of PC. Here, we summarize the roles of the inflammatory factors (such as chemokines and cytokines) in PC and castration-resistant PC (CRPC).
Chemokines
Chemokines serve as factors that play important roles in inflammation and cancer. It has been reported that except immune cells, chemokine receptors are highly expressed in cancer cells compared to normal cells [28] . Additionally, recent evidence has shown that chemokines are involved in cancer cell metastasization and progression. Recent studies provide evidence that several chemokines are involved in PC, including C-X-C motif chemokine ligand 8 (CXCL8), CXCL12, and C-C ligand 2 (CCL2) [30] [31] [32] . Chemokines can facilitate tumor progression and dissemination either by shaping the cell functional profile of infiltrating lymphocytes or by promoting stromal and neoplastic cells [28] .
Other studies have reported that high expression of chemokine receptors may be necessary to activate cancer progressing signals. For instance, advanced aggressive PC cells express higher levels of CCR2 compared to less-aggressive gland cells, and they also show increase in metastatic capacity compared to localized PC [33] . Furthermore, increased CXCL8 and CCL2 levels in serum have been shown to be potential prognostic markers of a highly progressive PC [34, 35] . Therefore, the role of chemokines in PC is very significant.
Cytokines
Multiple inflammatory cytokines have been identified as potential activators or mediators associated with PC aggressiveness [36, 37] . A group [38] working on prostate found that, baseline secretion level of interleukin (IL)-8 was associated with PC aggressiveness in primary prostate cell culture from patients subjected to radical prostatectomy. They also found that the median baseline IL-8 levels were significantly lower in cases with nonaggressive PC compared to those having aggressive PC. Especially, the Gleason score significantly positively correlated with the basal level of IL-8 [38] . Other groups found that IL-15, IL-17, and IL-32 regulate proliferation, migration, and invasion in PC [39] [40] [41] .
One of these cytokines is macrophage inhibitory cytokine 1 (MIC-1). It is a member of the transforming growth factor beta family. It has been reported that positive regulation of MIC-1 is related to PC aggressiveness and that circulating levels of MIC-1 can predict poor prognosis in PC [42] . Moreover, IL-6 is a multifunctional cytokine that is expressed in most PC cell lines, and its expression is at higher levels in cells that do not express the androgen receptor (AR) and that show an enhanced aggressiveness potential of the tumor [43] . Aberrant IL-6 signal transducer and activator of transcription-3 (STAT3) signaling and loss of p53 occur during the progression from PC to metastatic disease [44, 45] .
Recent studies have provided evidence on the association between one or multiple single-nucleotide polymorphisms (SNPs) in inflammation-related pathways and PC risk and aggressiveness [36, 46] . An independent group evaluated 15 SNPs in five cytokine genes (IL-1B, IL-10, tumor necrosis factor [TNF]-alfa, IL-6, and IL-8) in relation to the risk of aggressive PC, and they found an association between advanced PC and an IL-8 genotype, as well as an increased risk with combined genotypes in two other cytokines, namely, IL-1B and IL-10 [47] . Another study found that Small ubiquitin-like modifier (SUMO)-specific protease 1 (SENP1), a member of the SUMOylation protease family, plays a crucial role in the regulation of AR-dependent transcription and inflammatory hypoxia signaling pathway [48] . Another group analyzed 150 human PC specimens and found that SENP1 expression is directly correlated with PC aggressiveness [48] . In fact, higher SENP1 scores corresponded with higher Gleason scores of PC patients. In addition, silencing SENP1 level in metastatic PC cells impairs the ability to metastasize to the bone [48] .
Another important cytokine associated with PC development is the macrophage migration inhibitory factor (MIF) [49] . A recent study showed that high extracellular release of MIF induces neuroendocrine differentiation in PC, which stimulates AR-independent cancer progression [50] . The relevance of this study is to link chronic prostatic inflammation through extracellular MIF release to the development of aggressive AR-independent PC and CRPC.
Recently, an important finding of inflammasomes as master regulators of inflammation has been reported. Inflammasomes are a group of multimeric proteins that are composed of Nod-like receptor (NLR) protein, an apoptosis-associated speck-like protein containing a carboxyterminal caspase recruitment domain (ASC), and procaspase-1 [8] . The assembled inflammasome complex is able to activate caspase-1 and lead to the secretion and maturation of proinflammatory cytokines IL-1 and IL-18. Subsequently, IL-1 and IL-18 cause a wide variety of biological effects associated with infections. NLRP3 is one of the famous inflammasomes, and it senses pathogens and danger signals in response to injury or infection. Overall, various stimuli, including urine reflux, uric acid crystals, bacteria, or fungi, may lead to activation of inflammasome-mediated proinflammatory cytokines in the prostate, driving cancer progression [8] .
Taken together, given the recent evidence in prostate inflammation and cancer progression, inflammation can be an important factor in PC initiation and progression. It is increasingly clear that anti-inflamm- atory therapy will become an efficacious approach against neoplastic progression and malignant conversion (Figure 1 ). The elucidation of the molecular mechanism and the link between inflammation and PC will deepen our understanding of PC and expand our knowledge of PC therapy.
